Within the transport BUU theory we study the influence of the choice for the ∆-resonance life time on pion-nucleus reactions and on heavy-ion collisions at 1 A GeV. A quite small effect of these modifications on the pion absorption on nuclei is found provided that the absorption probability of the ∆-resonance is modified consistently. Observable effects in the case of heavy-ion collisions are demonstrated. 
1.076 GeV, the inverse width becomes infinitely large while the phase shift derivative is zero. It is interesting, therefore, to find observable signals sensitive to the different life time prescriptions [2, 3] . In the present work -using the BUU model -we study the influence of the ∆-resonance life time on the pion absorption on nuclei and on some pionic observables from heavy-ion collisions at 1 A GeV. In BUU the incoming particles in processes πN → ∆ or NN → N∆ have fixed energies and the produced ∆-resonance is propagated as a particle with fixed mass at the creation time which, however, may be different from the pole mass m ∆ . In such conditions, the life time of a test particle representing the ∆-resonance is given by Eq. (1) (c.f. Refs. [2, 3] ).
Recently Eq. (1) has been generalized in Refs. [4, 5] to the case of the decay of the ∆-resonance with multiple final channels, i.e. when the total width Γ contains not only the ∆ → Nπ contribution, but also the absorptional contributions like, e.g. ∆ → N −1 NN. The result of Ref. [5] for the decay time of a uniform bunch of resonances which do not interact with each other (see Eq. (3.3) in [5] ) rewritten here for simplicity in the nonrelativistic approximation is as follows
where
is the spectral function and
with Γ(ω, p) = −2Im Σ + (ω, p) being the total width. In the case of the resonance gas in vacuum, i.e. when only the ∆ → Nπ decay channel is open, Eqs. (1) and (2) are equivalent.
This can be easily seen by introducing the phase shift (c.f.
with
In transport simulations one deals with the partial life times τ i of resonances with respect to decay into different channels, including absorption and rescattering. If one uses e.g. In the transport simulation the modified partial widths must be treated by Monte-Carlo in the same way as the usual partial widths. For the ∆-resonance, therefore, the probabilities of processes where the ∆-resonance is present in the initial state are all multiplied by the same factorΓ/Γ = (Γτ ) −1 to keep the branching ratios constant (c.f. also [4, 5] for a different
where Γ ∆→N π is the standard ∆ decay width in nuclear matter taking into account the Pauli blocking for the final nucleon, dσ ∆N →N N /dΩ is the usual differential cross section obtained directly as
where p N N and p N ∆ are the c.m. momenta of incoming and outgoing particles respectively, s is the c.m. energy squared, |M| 2 is the spin-averaged matrix element squared given by the one-pion exchange model [6] , and C N N = 2 (1) if the final nucleons are identical (different).
Analogous modifications have also to be done with the ∆ rescattering cross section (8) and with the three-body absorption width (9), whenever the process ∆NN → NNN is included in BUU.
Before discussing BUU results we will specify the explicit forms of the ∆-resonance width and life time. It has been shown in [7] , that the total width of the ∆-resonance in nuclear matter is very close to the vacuum decay width. Thus, we take
where the parameterization from [8] is used for Γ vac ∆→N π , q(E c.m. ) being the pion momentum in the rest frame of ∆, q 0 ≡ q(m ∆ ), Γ 0 = 0.118 GeV and β 0 = 0.2 GeV. For simplicity we will also neglect the energy and momentum dependence of Re Σ + putting E R = const = m ∆ .
In this case the life time of Eq. (2) reduces to (1) with δ given by (5). Fig. 1, solid line) . This increases the probability that a ∆ will be absorbed in the collision with a nucleon. Applying now Eq.(2) for the life time and, in addition, modifying the ∆N → NN and ∆N → ∆N cross sections according to Eqs. (7), (8) results in the absorption cross section (solid lines) practically indistinguishable from the standard calculation, since the factor (Γτ ) −1 in (7) is less than 1 near the pole mass of the ∆.
The discrepance between our calculations and the data at E π < 250 MeV can be explained by missing three-body absorption mechanism of the ∆-resonance: ∆NN → NNN.
We have performed the calculation including the three-body absorption as parameterized by Oset and Salcedo [11] (see dash-dotted lines in Fig. 2 ). In this case we show only results with the life time of Eq.(2) and the modified absorption and rescattering probabilities in the processes ∆N → NN, ∆NN → NNN and ∆N → ∆N (Eqs. (7)- (9)), since these modifications, when done all simultaneously, have only a very small effect on the absorption cross section (c.f. solid and dashed lines). We see now a good description at the lower energies, but at higher energies the data are overpredicted somewhat.
The authors of Ref. (7), (8) . Dash-dotted line shows the calculations including the three-body absorption contribution [11] (see text for details).
Experimental data are from Ref. [10] . 
